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Abstract: The Hazinemağara (Gümüşhane) Pb-Zn deposit is located in the southern part of the Eastern Pontides Orogenic Belt
in northeastern Turkey. It occurs as irregularly shaped ore bodies with breccia fill structure within the intraformational breccia or
brecciated horizons of limestone in the Upper Jurassic-Lower Cretaceous Berdiga Formation. The dominant ore minerals are pyrite,
sphalerite, galena, and tetrahedrite, and the major gangue minerals are calcite, quartz, and barite. Microthermometric investigations
of the fluid inclusions show that the ore-forming fluids contain CaCl2 and MgCl2 in addition to NaCl. The salinity of the fluid ranges
from 1.7% to 9.2% with an average of 5.7% (wt.% NaCl equivalent) (n = 93). The homogenization temperature of the fluid ranges from
160.0 to 386.0 °C with an average of 263.5 °C (n = 98). The plots of the δD values of water trapped in fluid inclusions hosted by barite
and quartz (in the range of 92‰ to 81‰) and the δ18O values calculated for water in equilibrium with these minerals (4.1‰ to 18.5‰)
are closer to the magmatic range than any other water sources and suggest the presence of magmatic water in hydrothermal fluid with
some modifications by interaction with fluid from surrounding sedimentary rocks. The sulfur isotope composition of sulfide minerals
(in the range of –7.8‰VCDT to +5.4‰VCDT, avg.: –2.0‰; n = 13) indicates a magmatic source for sulfur. It is concluded that the magmatic
water derived from deep-seated Eocene plutonic rocks (Kaçkar Granitoids-I and -II) possibly carried metals and the sulfur derived from
the source magma or leached from magmatic rocks on the pathway along the fault zones and precipitated mainly within voids between
limestone fragments in intraformational breccia horizons of the Berdiga Formation. The Berdiga Formation is observed in large areas
within the Eastern Pontide region and the intraformational breccia horizons could provide large stratabound ore potential.
Key words: Hazinemağara, Pontides, lead-zinc deposit, fluid inclusion, stable isotope geochemistry

1. Introduction
The Hazinemağara lead-zinc deposit is located very close
to the city of Gümüşhane in NE Turkey (Figure 1). The area
is a part of the Eastern Pontides orogenic and metallogenic
belt and consists of metamorphic, plutonic, sedimentary,
volcanic, and volcanosedimentary rocks of Paleozoic to
Miocene age.
The Eastern Pontides metallogenic belt in the
Gümüşhane area hosts numerous Cu-Pb-Zn-Au-Agbearing veins, skarn, and massive sulfide type hydrothermal
mineralizations (Figure 1). The Mastra Au-Ag (Tüysüz et
al., 1995; Aslan and Akçay, 2011), Arzular Pb-Zn-Au±Ag
(Yaylalı-Abanuz et al., 2012), and Olucak Au (Akçay
and Çavga, 1997) deposits are interpreted as vein-type
deposits hosted by volcanic rocks. The Kaletaş Au deposit
is classified as a Carlin-type deposit (Tüysüz et al., 1995;
Çubukçu and Tüysüz, 2000). Kuroko-type massive sulfide
deposits are located in the Murgul (Artvin), Kafkasör

(Artvin), Çayeli (Rize), Kutlular (Sürmene-Trabzon),
Harşit-Köprübaşı (Giresun), and Espiye (Giresun) areas.
Most of these deposits are hosted by Upper Cretaceous
and Eocene volcanics, volcanosedimentary, and plutonic
rocks and their sources are linked to volcanic activity
and plutonic intrusions in these areas, with some veintype (Tüysüz et al., 1995; Demir et al., 2008; Akçay et al.,
2011; Aslan and Akçay, 2011) and also volcanic massive
sulfide deposits (Gökce and Sipiro, 2000; Demir et al.,
2013). The Köstürelik and Maden Dere deposits in the
Midi (Karamustafa) area that occur in the polygenic
Kırtıllık Breccia (Eocene) and at the base of the
Zimonköy Formation, which consists of Liassic volcanic,
volcanosedimentary, and subvolcanic rocks (Lermi and
Tüysüz, 2006), are described as epigenetic, fault-controlled,
stratabound hydrothermal ore bodies.
The Hazinemağara deposit differs from these deposits
with a nonmagmatic/calcareous composition host rock,
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Figure 1. Regional geology and location map of the Hazinemağara deposit (Inset map after Ketin, 1966; large map after Güven, 1998,
with some modifications).

older age (Upper Jurassic-Lower Cretaceous) of host rock,
large lateral extent, stratabound nature, and irregular
morphology. The Kırkpavli deposit seems to be similar to
the Hazinemağara deposit and these two deposits promise
a larger volume of ore resources in comparison with the
vein-type deposits and occurrences.
The earlier studies about the Hazinemağara
deposit mainly reported the geological properties and
mineralogical characteristics (Ölsner, 1935; Kovenko,
1937; Güner et al., 1985, 2004; Çağatay and Çopuroğlu,
1990). Ölsner (1935) pointed out the presence of
metasomatic-type ore within limestone and vein-type
ore within granite. Kovenko (1937) indicated that the
Hazinemağara deposit has a lens shape. Güner et al.
(1985, 2004) suggested that mineralization was formed
mainly in the massive limestone of the Upper JurassicLower Cretaceous Berdiga Formation and in the Liassic
Hamurkesen volcanics. Çağatay and Çopuroğlu (1990)
reported that the Hazinemağara deposit was formed by
mesothermal fluids transported along fault zones in the
massive limestones of the Berdiga Formation. Akçay et al.
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(2011) proposed that mineralization in the Hazinemağara
deposit occurred along a tectonic zone via epithermal
fluids possibly related to the Eocene magmatics. Kayadibi
(2013) proposed that the ore in this deposit is carbonatereplacement type and a peripheral occurrence related to
the Kaçkar-II granitic plutons in the area.
The present paper discusses the morphological,
structural, and textural features; the mineralogical
composition and microthermometric characteristics of
fluid inclusions trapped in quartz and barite crystals; the
oxygen and hydrogen isotope composition of the water in
mineralizing fluid; and the sulfur isotope composition of
the sulfide minerals. The data presented in this paper will
give information about the genesis, regional geological
setting, and an approach to exploring for this type of
deposit in the surrounding areas.
2. Geological background
The Eastern Pontides orogenic belt in northeastern
Turkey consists of metamorphic, plutonic, sedimentary,
volcanic, and volcanosedimentary rocks of Paleozoic to
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Miocene age (Figure 1). The northern part of the region
contains extensive Mesozoic and Cenozoic volcanic rocks
outcropping mainly along the Black Sea coast, whereas
the southern part is characterized by contemporaneous
sedimentary units or intercalations with volcanic rocks
(Eyüboğlu et al., 2014).
The Gümüşhane area is located in the southern part
of the Eastern Pontides orogenic belt. The Paleozoic
Gümüşhane Granite (Çoğulu, 1970) constitutes the oldest
unit in the study area (Figure 2). Volcanosedimentary
rocks of the Liassic Hamurkesen Formation, limestones of
the Upper Jurassic-Lower Cretaceous Berdiga Formation,
and sedimentary rocks of the Upper Cretaceous Mescitli
Formation unconformably overlie the Gümüşhane granite.
Volcanic and volcanosedimentary rocks of the Kabaköy
Formation (Eocene), sediments of the Kelkit Formation
(Eocene), Kaçkar Granitoid-I (Late-Eocene), and Kaçkar
Granitoid-II (Post-Eocene) are the Tertiary units in the
area.
The geodynamic evolution of this region is still
controversial and various subduction models have been
suggested especially for the dip direction of ancient
oceanic lithosphere (northward, southward, or both).
Readers are referred to Eyüboğlu et al. (2014) for an
extensive summary of these models. Bektaş et al. (1997),
Aslan (2000), Eyüboğlu et al. (2006), Yılmaz et al. (2008),
and Kandemir and Yılmaz (2009) indicated that the
Mesozoic units covering the basement were deposited in
a rift environment that developed during postcollisional
extensional tectonics.
3. Ore geology of the Hazinemağara deposit
3.1. Local geology
Mineralization within the Hazinemağara area is hosted
by Mesozoic units, especially the limestones of the Upper
Jurassic-Lower Cretaceous Berdiga Formation. The main
lithological characteristics of these units are discussed
below.
The Liassic Hamurkesen Formation (Ağar, 1977)
unconformably sits on the Gümüşhane granitoid. This
formation consists of conglomerate, lithic and crystalline
tuff, sandstone alternations, basaltic andesite-andesite,
vitric tuff, and sandy limestone and is intruded by diabase
dykes. The thickness of the formation reaches up to 1500
m (Aslan, 2000). In the study area, the Hamurkesen
formation is represented by violet purple-colored basaltic,
andesitic, dacitic lavas and pyroclastics, and interlayers of
argillaceous limestone, shale, and sandstone. The andesitic
and basaltic volcanics contain plagioclase, amphibole,
and pyroxene phenocrysts and microliths occurring in a
porphyritic texture. These lithologies show vertical and
lateral transitions within the formation and the thickness
of the formation changes with respect to ocean bathymetry.

The limestones in the Hamurkesen Formation show that
carbonate precipitation took place contemporaneously
with volcanism. The “Ammonitico Rosso”-type sediments
observed at the bottom of the formation are thought
to have accumulated in rift-related basins formed by
extensional tectonic regimes during Early Jurassic time
(Kandemir and Yılmaz, 2009). Aslan (2000) also suggested
that the volcanic rocks of this formation occurred in a
rift-related volcanic arc environment. The Hamurkesen
Formation is conformably overlain by the Upper JurassicLower Cretaceous Berdiga Formation.
The Berdiga Formation (Pelin, 1977) consists of thinly
bedded, heavily undulating, and fractured limestones
with sand and chert-bearing dolomite especially at the
top. The structural and sedimentological properties of
the Berdiga Formation lead to the conclusion that the
sediments in this unit were most probably deposited in
a shallow carbonate shelf environment during the Late
Jurassic-Lower Cretaceous (Cenomanian) (Yılmaz et al.,
2008). Macroscopic investigations of drill cores found that
the Berdiga Formation contains wide horizontal breccia
zones characterized by monolithic and mostly angular
fragments derived from the surrounding limestones in the
Hazinemağara area. The formation processes are not clear
enough to state whether they formed as intraformational
sedimentary breccias or post depositional in situ
brecciation. Ore deposition developed especially in these
breccia zones. The Berdiga Formation is overlain by
the Upper Cretaceous flysch sediments and tuffitic
intercalations of the Mescitli Formation (Güven, 1993).
The Mescitli Formation is overlain unconformably by
the Kabaköy Formation of Eocene age (Güven, 1993), which
consists of sandstone, nummulitic limestone, and marl at
the base and continues upward with volcanosedimentary
rocks. The upper levels of this unit consist entirely of
basaltic lavas and pyroclastics. Finally, the Late Eocene
granitoids, cutting the Mesozoic units and covered by the
Eocene Kabaköy Formation (volcanosedimentary rocks)
within the Eastern Pontide Region, are called Kaçkar
Granitoid-I and the post-Eocene granitoids intruding into
the Kabaköy Formation are called Kaçkar Granitoid-II
(Güven, 1993). Granitoids occurring as small-sized masses
at several locations close to the study area (e.g., Sarı Dere,
east of Hanege Tepe, Alemdar Dere) are identified as the
equivalents of Kaçkar Granitoid-II (Güven, 1993; Güner
et al., 2004). Petrographic investigations in the present
study showed that these intrusions are quartz diorites.
In the study area these plutonic rocks only intrude the
Gümüşhane granitoid, and since they have no contact
with the other units, the age of these granitoids is not well
constrained to determine whether they are coeval to the
Kaçkar Granitoid-I or Kaçkar Granitoid-II. Geochemical
and radiometric studies by Arslan and Aslan (2006)
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indicate that these granitoids have monzogranite and
granodiorite composition with calc-alkaline to mildly
alkaline transitional and metaluminous, postcollisional,
I-type characteristics with U-Pb zircon dating yielding an
intrusion age of 44.4 ± 0.3 Ma.

626

Field investigations by Güven (1993), Güner et al.
(2004), and Ünal Çakır (2011) showed that in addition
to normal faults from rift-related graben tectonics, thrust
faults and overthrust zones are also conspicuous. The
Gümüşhane granitoid was uplifted onto the younger units
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along one of the thrust faults in the study area (Figures
1 and 3). There are no accurate data about the age of
the compressive tectonism and the normal faults, but
they are younger than all the Mesozoic sedimentary and
volcanosedimentary units in the study area.
3.2. Morphology and macroscopic characteristics
In the investigated area, outcrops of mineralized rocks
are quite limited. The mineralization was observed in 22
drill cores provided by the Gümüştaş Mining Company.
Mineralization in the Hazinemağara deposit occurs
mainly within the limestones of the Upper Jurassic-Lower
Cretaceous Berdiga Formation as an irregularly shaped,
nearly horizontal (slightly dipping to SW and NE) ore
body with a thickness of up to 60 m (Figure 3). The ore
body extends about 500 m in the W-E and 150–200 m in
N-S directions.
Macroscopic investigations of drill core samples showed
that ore and gangue minerals filled the spaces between the
fragments of breccia, typically forming intrafragmental/

breccia fill structures (Figures 4a and 4b). The ore filling
was also detected between rounded pebbles in some drill
cores representing conglomeratic and/or pebble-bearing
sandstone interlayers in the Berdiga Formation (Figures
4c and 4d).
These characteristics of the ore indicate an epigenetic,
breccia filling (interfragmental), stratabound-type ore
formation mainly within the limestones of the Berdiga
Formation, rather than fault-controlled vein-type ore
deposition. In addition, stockwork-type ore veinlets occur
within the slightly fissured limestones of the formation.
Very low amounts of mineralization are also present in
brecciated parts of the basal volcanics of the Hamurkesen
Formation, the quartz porphyritic peripheral zone of the
Gümüşhane granite, and the sediments of the Mescitli
Formation.
In general, the breccias in the Hazinemağara area
are represented by a very large lateral extent and do not
show any parallelism with fault zones. The fragments

Figure 3. Local geology map of the Hazinemağara area (modified after Güner et al., 2004 and unpublished 1/5000 scale geology map
prepared by Gümüştaş Mining Company), locations of the investigated drill cores, and A-A’ cross-section prepared using the investigated
drill core data (see Figure 1 for the location of this map).
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of breccias are angular to subangular, unoriented, and
unsorted and composed of monolithic limestone. The size
of the fragments is rather heterogeneous, varying from
millimeter to decimeter in size. The matrix of the breccia
consists of small limestone grains. There is no cement
material consisting of clay and carbonate minerals.
Identification of the mode of occurrence of breccias is
quite important to understand the ore-forming processes.
There are numerous geological processes responsible
for breccia formation discussed in the literature. These
include sedimentary, tectonic, karstification, paleotalus
deposition, and hydrothermal brecciation that have
different descriptive characteristics (Blount and Moore,
1969; Hulen and Nielson, 1987; Ord et al., 2008).
Sedimentary breccias are characterized by bedding,
fragment orientation, silica and carbonate-bearing
matrix, and cement materials filling the spaces between
the breccia fragments. Talus-like breccia deposits occur
on paleoerosion surfaces. Tectonic brecciation is a
familiar result of normal and thrust faults and hosts
vein-type deposits. Collapse brecciation develops as a
result of karstification processes in carbonate terrains.
Finally, hydrothermal brecciation occurs due to hydraulic
fracturing and may cause large volume, in situ brecciation,
which is typical of porphyry systems (Blount and Moore,
1969; Hulen and Nielson, 1987; Sillitoe, 2010).
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The breccias within the study area differ from the classic
sedimentary breccias by lacking bedding, orientation of
the fragments, and clayey or calcareous cement material.
However, the thickness and lithology of all the Mesozoic
formations in the study area are very variable and change
in accordance with the depth and contemporaneous relief
of the sea floor, which was strongly controlled by graben/
rift tectonics and intrabasinal volcanic hills. Therefore, it is
possible that the limestones that precipitated at shallower
depths were transported short distances by currents
and seismic activity to deeper parts of the sea bottom as
brecciated but not scattered large blocks, resulting in the
nonbedded synsedimentary formation of breccia horizons,
similar to olistostromal processes.
There is no evidence of terrestrial outcrops of host
rocks predating the mineralization to suggest talus-like
breccia formation hosting the mineralization.
Fault-related brecciation might be possible because
host rocks and mineralized horizons are cut by normal
and thrust faults. However, the brecciated fragments of the
host rocks do not show any preferred orientation, or linear
or planar trends with the fault zones. Breccias are seen
in distal parts of the fault zones and show a large lateral
extent. On the other hand, thrust faults may cause folding,
thickening, and large-volume brecciation of the units. One
of the thrust faults within the area moved the Gümüşhane
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granitoid over the younger units and might have caused
folding, thickening, and large volume in situ brecciation of
the host limestones during this movement.
Collapse brecciation developing as a result of
karstification processes is possible in the host limestone
of the Berdiga Formation. This process was suggested
especially for formation of carbonate-hosted bauxite
and Mississippi valley-type Pb-Zn deposits (Robb, 2006
and cited references between pages 202 and 206; e.g.,
Anderson, 1983; Garven et al., 1993).
Heating of the pore fluids in sediments might have
caused expansion and led to hydraulic fracturing and in
situ hydrothermal brecciation of the host limestone in a
manner similar to that observed in porphyry systems.
The aforementioned characteristics of breccias within
the Hazinemağara area suggest either short distance
transportation of the limestones, which precipitated at
shallower depths, by currents and earthquakes to deeper
parts of the sedimentary environment as brecciated
but not scattered large blocks, resulting in nonbedded
synsedimentary formation of the breccia horizons, similar
to olistostromal processes, or in situ brecciation of host
limestone by hydrothermal fluids compared with the other
processes.
Breccia horizons in the Berdiga Formation are reported
within the outcrops in neighboring areas. Therefore,
the formation of the aforementioned synsedimentary
breccias, similar to olistostromal processes, seems to be
more plausible. In addition, dissolution and leaching of
the fine-grained matrix between the fragments of this type
of breccia and filling by ore and gangue minerals may have
occurred during later episodes.
3.3. Ore and gangue mineralogy
Microscopic investigations of thin sections and polished
blocks prepared from representative ore samples collected
from different parts of drill cores showed that the
microscopic characteristics of mineralization are similar
to the macroscopic features. Ore and gangue minerals
occur as intrafragmental fill within the spaces between the
breccia fragments and as ore veinlets along thin fissures
within the brecciated host rocks.
Pyrite, galena, sphalerite, and tetrahedrite and small
amounts of chalcopyrite, marcasite, pyrrhotite, covelline,
native gold, and electrum are the ore minerals (Figures
5a–5j). Pyrites show two different forms: fine-grained
disseminations (py-I) among the fine-grained calcites that
possibly occurred due to recrystallization of limestone
fragments (Figures 5b and 5c) and coarse-grained crystals
(py-II) with other sulfide minerals (Figure 5d and 5e).
Sphalerite and galena occur as large allotriomorphic
crystals (Figures 5d and 5e). Chalcopyrites are seen as
small dots in sphalerites (Figure 5e). Some samples show
concentric zoning of fine crystalline ore and gangue

minerals (Figure 5f). Quartz and chalcedony are the
most abundant gangue minerals (Figures 5f–5h). Finegrained calcite crystals, which possibly formed due to
recrystallization of limestone fragments, are seen as
gangue minerals in some samples. Barite occurs as the late
phase gangue mineral (Figure 5i). No calc-silicate skarn
minerals (e.g., Ca-rich garnet, pyroxene, amphibole, and
epidote) were detected in the mineralization.
In addition, ore fragments derived from the breccia
filling ore veinlets (from the abovementioned ore) indicate
reworking and detrital remobilization of ore minerals
among the brecciated host rock fragments (Figure 5j). This
was possibly produced by surface water immediately after
the ore deposition. The proposed paragenetic succession
of ore minerals is pyrite-I, pyrite-II, chalcopyrite,
sphalerite, galena, and tetrahedrite. Deposition of quartz
is contemporaneous with sulfides whereas chalcedony and
barite are the products of a later phase.
4. Fluid inclusion studies
Microthermometric investigations were performed using
a Linkam THMS-600 and TMS-92 stage mounted on
a NIKON Labophot-pol microscope at the Geological
Engineering Department of Cumhuriyet University, Sivas.
Liquid nitrogen was used for freezing. The differences
between repeated measurements are lower than ±0.5 °C
for all investigations.
Although more than 50 double-sided polished sections
were prepared from samples collected from various
depths of the drill cores, unfortunately only a few sections
contained fluid inclusions suitable for microthermometric
measurements. Fluid inclusion studies were carried out on
quartz and barite crystals. No measurements were taken of
calcite and sphalerite crystals because they did not contain
any suitable fluid inclusions.
Using the criteria of Roedder (1984), primary (p),
secondary (s), and pseudosecondary (ps) types of
fluid inclusions were recognized in quartz and barite
crystals (Figures 6a–6d). Most of the inclusions are
pseudosecondary, aligned with intracrystalline fissures.
The amount of primary and secondary inclusions was
limited. The primary and pseudosecondary inclusions were
evaluated together. Since secondary inclusions are very
small and very few, microthermometric measurements
were not performed. The shapes of the inclusions are quite
variable (e.g., circular, elliptic, pear-shaped). The primary
and pseudosecondary inclusions are larger (5–15 µm)
than the secondary inclusions (generally <2.5 µm).
Most of the inclusions were monophase, containing
only a liquid phase. The two-phase inclusions (fluid
and gas) are less common. The volume of the gas phase,
where present, is generally about 5% and rarely reaches
up to 10%–20%. In addition, no daughter minerals
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pyrite (py-I) in host limestone (thin section, single nicol); c- disseminated pyrite (py-I) in host limestone (polished block, single nicol); d and e- galena,
sphalerite, pyrite-II, chalcopyrite, and tetrahedrite within the breccia filling ore (polished blocks, single nicol); f- concentric zoning texture of finegrained quartz and opaque minerals (thin section, single nicol); g- idiomorphic quartz (widespread gangue mineral) and ore (opaque) minerals (thin
section, crossed nicol); h- late phase chalcedonic quartz and calcite veinlets (thin section, crossed nicol); i- late phase barite crystals among opaque
minerals (thin section, crossed nicol); j: ore-bearing grains in fragmented ore (polished block, single nicol). Abbreviations: ba; barite, ca; calcite, cpy;
chalcopyrite, ga; galena, ls; limestone, om; opaque minerals, py-I; fine-grained pyrite in host limestone fragments, py-II; pyrite in breccia filling ore, qz;
quartz, lsf: limestone fragments, si-lsf; silicified limestone fragments, sph; sphalerite, th; tetrahedrite.
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Figure 6. Photomicrographs of fluid inclusions. a and b- Primary inclusions in quartz, c- pseudosecondary inclusions in quartz,
d- primary inclusions in barite.

were determined in inclusions. The microthermometric
measurements were carried out only on two-phase (L+V)
inclusions.
Results of microthermometric analyses of the fluid
inclusions are summarized in Table 1 and shown in Figures
7–9.
No melting indication was determined until –55.5 °C
and this indicates that there is no CO2 and no dissolved salt
with lower eutectic temperature with water in inclusions.
The first melting temperature (TFM) values of all inclusions
in quartz and barite range from –55.5 to –52.0 °C (avg.
–54.5 °C, n = 89). These temperature values are very close
to the eutectic temperatures of H2O-NaCl-CaCl2 and H2OMgCl2-CaCl2 water-salt systems (Shepherd et al., 1985)
and suggest that the hydrothermal fluids contained NaCl,
CaCl2, and MgCl2.
Tm-ICE values are in the range of –6.0 to –1.0 °C (avg.
–3.5 °C, n = 55) for quartz and –6.0 to –1.5 °C (avg. –3.0 °C,
n = 38) for barite (Table 1; Figure 7). The salinities of the
mineralizing fluid were calculated from these temperature
values (Bodnar, 1993) and are given as wt.% NaCl
equivalent. They range from 1.73% to 9.21% (avg. 5.71%)
wt.% NaCl equivalent for quartz and 2.57% to 9.21%
(avg. 4.95%) for barite. The measured homogenization

temperatures vary between 164.0 and 386.0 °C (avg. 274.5
°C, n = 60) for quartz and 160.0 and 314.0 °C (avg. 246.0
°C, n = 38) for barite (Table 1; Figure 8).
5. Oxygen, hydrogen, carbon, and sulfur isotopes studies
5.1. Sampling and sample preparation
The O and H isotope investigations were carried out on
quartz and barite crystals in ore to estimate the source
of water in the mineralizing fluids. The O and C isotope
analyses were carried out on two limestone samples from
the ore-hosting Berdiga Formation to get information
about the depositional environment of limestones and/or
the effect of isotopic exchange reaction on the O-isotope
composition of the mineralizing fluid. The S isotope
analyses were performed on sulfide minerals in ore to
identify the sources of sulfur in these minerals.
For stable isotope analyses, barite, quartz, and sulfide
minerals were separated using the heavy liquid method
and handpicking under a stereomicroscope. The separates
of quartz and barites were prepared from the same
samples from which microthermometric measurements
were taken. The separates were then leached with 10%
HCl solution to remove carbonate impurities. Limestone
samples containing calcite over 95% and unaltered
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Table 1. Summary of fluid inclusion measurements.

Sample code

Elevation
(m)

Mineral

D-15/1

1485

Quartz

Last ice melting temperature (°C)

Homogenization temperature (°C)

Range

Average (n)

Range

Average (n)

–6.0 to –2.0

–4.0 (23)

250.0 to 300.0

279.5 (24)

D-15/3

1475

Quartz

–5.0 to –1.0

–3.5 (19)

164.0 to 310.0

229.0 (19)

D-26/1

1425

Quartz

–4.5 to –3.5

–4.0 (4)

344.0 to 386.0

359.0 (4)

D-62/4

1457

Quartz

–4.0 to –2.0

–3.0 (5)

220.0 to 300.0

274.5 (6)

D-86

1568

Quartz

–4.5 to –2.5

–3.5 (2)

290.0 to 315.0

305.0 (3)

D-107/7

1451

Quartz

–5.0 to –3.0

–4.0 (2)

325.0 to 375.0

350.0 (4)

GC-1

1520

Barite

–3.5 to –1.5

–2.5 (12)

190.0 to 244.0

212.5 (12)

D-10

1561

Barite

–3.5 to –2.5

–3.0 (2)

288.0 to 292.0

290.0 (2)

D-26/1

1427

Barite

–6.0 to –2.0

–4.0 (21)

160.0 to 314.0

254.5 (20)

D-86

1568

Barite

–3.5 to –2.5

–3.0 (3)

280.0 to 289.0

285.0 (4)

All samples (range and average):

–6.0 to –1.0

–3.5 °C (n = 93)

160.0 to 386.0

263.5 °C (n = 98)

Salinity (wt.% NaCl equivalent):

Range:
9.21% to 1.73%

Average:
5.71% (n = 93)

7.86

Salinity (wt. %NaCl equivalent)
6.45
4.96
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Figure 7. Frequency distribution diagram of the last ice melting
temperature (TmICE) and corresponding salinity values.

limestone samples were crushed and sieved with –250 to
+125 µm screens and clean calcite grains were handpicked
under a stereo microscope.
5.2. Isotope analyses
The O, H, and C isotope ratios were analyzed at Activation
Laboratories Ltd. (Canada). For oxygen isotope analyses
in quartz and barite, samples were reacted with BrF5 at
~650 °C in nickel bombs following the procedures
described by Clayton and Mayeda (1963). The fluorination
reaction converts O in the mineral(s) to O2 gas, which
is subsequently converted to CO2 gas using a hot C rod.
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Figure 8. Frequency distribution diagram of the homogenization
temperature (TH) values.

All reaction steps are quantitative. Isotopic analyses were
performed on a Finnigan MAT Delta, dual inlet, isotope
ratio mass spectrometer. The data are reported in standard
delta notation as per mil deviations from V-SMOW.
External reproducibility is ±0.19‰ (1 σ) based on repeat
analyses of our internal white crystal standard (WCS). Our
value for NBS 28 is 9.61 ± 0.10‰ (1 σ).
Hydrogen isotope analysis was carried out according to
the method of Sharp et al. (2001). The technique involves
reduction of H2O extracted from the fluid inclusions by
reaction with glassy carbon at high temperatures. H2 and
CO2 were produced by the reaction with the carbon at
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Figure 9. Plots of salinity vs. homogenization temperature (only the results of
inclusions with both TICE and TH values were recorded).

1450 °C with helium as a carrier gas. The produced gases
were separated in a gas chromatograph and analyzed in
a mass spectrometer configured for hydrogen isotope
analysis in continuous flow mode. The hydrogen isotope
composition was measured using a Thermo-Finnigan
thermo-combustion elemental analyzer (TC/EA) coupled
to a Thermo-Finnigan DeltaPlus XP Continuous-Flow
Isotope-Ratio Mass Spectrometer. δD values are reported
in per mil (‰) notation relative to V-SMOW with a
precision of ±1.5‰ (1 σ).
For oxygen and carbon isotope analyses of carbonate
minerals, approximately 2 to 5 mg of powdered samples
were digested with anhydrous phosphoric acid in a Y-tube
reaction vessel at 25 °C. The evolved CO2 was cryogenically
distilled from the reaction vessel into a 6 mm Pyrex tube
and flame sealed. The CO2 gas was then inlet into the IRMS
system. Samples were run for carbon-13 and oxygen-18
stable isotope analysis on a DELTAPlus XL (Germany)
Stable Isotope Ratio Mass Spectrometer (IRMS) coupled
with ConFlo III Interface and EA1110 (Italy) elemental
analyzer (EA). Results are generally corrected to carbon
standards NBS-19, NBS-18, IT2-21, IT2-22, and IT2-23.
(‘IT2’ denotes internal standards with values calculated
using international standards). All results are reported in
per mil notation relative to the international PDB standard.
The error for clean ball-milled standard material is better
than ±0.1‰ (1 s) for both carbon and oxygen.
Sulfur isotope analyses were carried out at the NERC
Laboratories in Glasgow applying the sulfur extraction
method developed by Robinson and Kusakabe (1975), in
which SO2 gas was liberated by combusting the sulfides
with excess Cu2O at 1075 °C in vacuo. Liberated gases
were analyzed on a VG Isotech SIRA II mass spectrometer,
and standard corrections were applied to raw d66SO2 values
to produce true d34S. The standards employed were the
international standards NBS-123 and IAEA-S-3, and the

SUERC standard CP-1. These gave d34S values of +17.1‰,
–31.5‰, and –4.6‰, respectively, with 1 s reproducibility
better than ±0.2‰. Data are reported in d34S notation as
per mil (‰) variations from the Vienna Cañon Diablo
Troilite (V-CDT) standard.
5.3. Results
The δ18O values of quartz range from 10.9‰ to 23.9‰ and
those of barite vary between 18.6‰V-SMOW and 22.5‰V-SMOW
(Table 2).
The δ13C values of calcites from two limestone samples
from the Berdiga Formation are –0.46‰ and +1.61‰
while δ18O values of the same samples are –7.42
(V-PDB)
and –12.7‰ (V-PDB), respectively (Table 3). δ18O values of
carbonate samples in V-SMOW scale were calculated as
+17.82‰ and +23.26‰ using the equation developed by
Coplen et al. (1983): δ 18O (V-SMOW) = 1.03091 δ 18O (V-PDB) +
30.91 (after Hoefs, 2009, p. 61). The δ13C values of calcite
in limestone of the Berdiga Formation point to marine
carbonates (Baker and Fallick, 1989; Hoefs, 2009).
The δ18OV-SMOW values of the water in equilibrium with
barite and quartz (in ore) and calcite (in limestone) were
calculated using equations developed by Zheng (1999),
Meheut et al. (2007), and Horita (2014), respectively (Table
2). The calculated δ18O values of water in equilibrium with
quartz at the respective temperatures are in the range
of 4.1‰ and 18.5‰, while those in equilibrium with
barites vary between +12.2‰ and +17.8‰ and those
in equilibrium with calcite in host limestone are from
+12.1‰ to +16.9‰.
The δD values of the water in the fluid inclusions are
between –81‰(V-SMOW) and –92‰(V-SMOW) for barites and
–82‰(V-SMOW) for a single quartz sample. Since some of
the samples do not contain sufficient amounts of H2 gas
to analyze, the average δD value of –84‰ calculated from
the analyzed δD values in other samples was used for these
samples.
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Table 2. Oxygen and hydrogen isotope results: (i) 103 lnα values were calculated using the average TH values measured in fluid inclusions
and fractionation factors suggested by Zheng (1999) for barite, Meheut et al. (2007) for quartz, and Horita (2014) for calcite in limestone
of the Berdiga Formation; (ii) since sufficient amount of hydrogen gas was not liberated, the average δ D value analyzed from other
samples was used.
Average TH values
measured in fluid
inclusions
(°C)

103 lnα
mineral-water
(i)

Calculated
δ18O values of water in
equilibrium with minerals
(‰ V-SMOW)

δ D values of the
water analyzed in
inclusion fluids
(‰ V-SMOW)

Sample no,

Mineral

δ18O values
analyzed in
mineral
(‰ V-SMOW)

GC-1

Barite

19.5

212

7.3

12.2

–83

D-10

Barite

19.1

290

4.6

14.5

–92

D-26/1

Barite

18.6

254

5.7

12.9

–81

D-86

Barite

22.5

285

4.7

17.8

–84

D-62/4

Quartz

10.9

274

6.8

4.1

–82

D-86

Quartz

23.9

305

5.4

18.5

–84 (ii)

D-107/7

Quartz

16.1

350

3.8

12.3

–84 (ii)

Table 3. δ13C and δ18O values of calcite in host limestone of the Berdiga Formation and δ18O values of water in equilibrium with calcite:
(i) average TH value of quartz in D-62/1 is used, (ii) average TH values of barite and quartz in D-86 is used, (iii) average δ D value analyzed
from other samples was used.

Temp., °C

Calculated
δ18O values of water in
equilibrium with calcite
(‰ V-SMOW)

δ D values of water
analyzed in inclusion
fluids
(‰ V-SMOW)

+23.26

274 (i)

+16.9

–84 (iii)

+17.82

295 (ii)

+12.1

–84 (iii)

δ13C values
Sample no. of calcites
(‰ V-PDB)

δ18O values
of calcites
(‰ V-PDB)

δ18O values
of calcites
(‰ V-SMOW)

D-62/1

+1.61

–7.42

D-86

–0.46

–12.7

The δ34S values of the sulfide minerals are in the range
of –7.8‰VCDT to +5.4‰VCDT (Table 3). The δ34S of pyrite,
sphalerite, and galena is in the range of –2.2 to +2.4 (n
= 3, avg. = +0.5), –5.4 to +5.4 (n = 4, avg. = –1.4), and
–7.8 to +2.6 (n = 6, avr. = –3.8) ‰V-CDT, respectively. These
δ34S values clustered around 0‰, suggesting a magmatic
source for sulfur with some modification.
6. Discussion
6.1. Sources of ore-forming fluids
Results of fluid inclusion measurements suggest that
ore-forming fluids contain NaCl, CaCl2, and MgCl2. The
presence of these salts can be considered an indication for
a direct or indirect relationship or interaction with either
seawater or marine/oceanic sediments in the surrounding
units. Mg-rich dolomitic sections of the limestones in
the Berdiga Formation may be the possible source of
these solutes. The salinity of fluids interpreted from the
last ice melting temperature (Tm-ICE) measurements
ranged from 1.73% to 9.21%, avg. 5.71 wt.% NaCl
equivalent, and indicates that the salinity of the fluids is

634

moderate. The homogenization temperature values of
the fluid vary from 160.0 to 386.0 °C, avg. 263.5 °C, and
show that mineralization occurred in mesothermal and
epithermal conditions. These salinity and homogenization
temperature values are similar to those reported by
earlier studies of this deposit (Akçay et al., 2011) and also
neighboring deposits such as the Mastra (Gümüşhane)
Au-Ag deposit (Tüysüz et al., 1995), Olucak (Gümüşhane)
Au deposit (Akçay and Çavga, 1997), Çakmakkaya and
Damarköy (Murgul-Artvin) Cu deposits (Gökce, 2001),
and Midi (Karamustafa-Gümüşhane) Zn-Pb (Au, Ag)
deposit (Lermi and Tüysüz, 2006).
The water in the mineralizing fluid is characterized by
low δD and high δ18O values (Figure 10). The proximity
of the points to the magmatic water box compared to
any of the other water sources suggests the presence of
magmatic water in the mineralizing fluid. The δD values
are lower while the δ18O values are higher in comparison
to magmatic water. These differences can be explained by
the interaction of magmatic water with limestone of the
Berdiga Formation and other sedimentary rocks in the
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Figure 10. Plots of the δD and δ18O values of quartz-barite and limestone of the Berdiga
Formation and water in equilibrium with these minerals (diagram was reproduced
from Sheppard, 1986).

surrounding area. The similarity of δ18O values of quartz
and barite in ore and calcite in the host limestone and the
water in equilibrium with these minerals suggests that the
oxygen isotope compositions of the mineralizing fluid
and precipitated gangue minerals were controlled by the
oxygen isotope composition of the host limestone of the
Berdiga Formation. The wideness of the range of δ18O
values of calcite in the Berdiga Formation might be the
result of this interaction and supports this idea.
Earlier investigations of neighboring ore deposits
also reported the involvement of magmatic water in oreforming fluids (Midi-Karamustafa-Gümüşhane Zn-Pb
(Au, Ag) deposits: Lermi and Tüysüz, 2006; MastraGümüşhane Au-Ag deposits: Aslan and Akçay, 2011).
6.2. Source of sulfur
The average δ34S values of H2S in hydrothermal fluid is
calculated –0.89‰V-CDT using the average temperature of
263.5 °C estimated from microthermometric TH values
(n = 98) and using the average δ34S values of pyrite
(+0.5‰), sphalerite (–1.4‰), and galena (–3.8‰) with
equations developed by Li and Liu (2006) for galena and
sphalerite and by Ohmoto and Rye (1979) for pyrite.
In addition, the average δ34S values of sulfide minerals
(–7.8‰ to +5.4‰) is found to be –2.0‰ (n = 13). Both
values are close to the magmatic sulfur array (0.0‰),
suggesting that the sulfur in hydrothermal fluid and
sulfide minerals is derived from a magmatic source and
was fractionated between sulfide minerals in accordance
with the precipitation trend of these minerals. It was also

possibly modified by the Eh-pH values of the fluid and the
environment. Sulfur isotope fractionation temperature
values were calculated from the δ34S values of mineral
pairs using the equations suggested by Ohmoto and Rye
(1979) in the same samples. These values are as follows:
310 °C (pyrite-galena), 399 °C (sphalerite-galena), 175
°C (sphalerite-galena), and 300 °C (sphalerite-galena)
for samples D-1/3, D-9, D-10, and D-75, respectively.
Two of these temperature values are similar to the TH
temperature values measured in fluid inclusions from
the same samples, but the others are different and it
may be assumed that mineral pairs were not formed in
equilibrium (Table 4).
Akçay et al. (2011) also reported similar results for this
deposit and the Kırkpavli Pb-Zn-Cu-Au-Ag deposit. In
addition, previous studies on neighboring sulfide deposits
in this area concluded that the sulfur originated mainly
from a magmatic source; however, these are not carbonatehosted deposits (e.g., Eastern Pontides volcanogenic
Cu-Zn-Pb deposit (Gökce and Spiro, 2000), İnleryaylası
(Şebinkarahisar-Giresun) Pb-Zn deposit (Gökce and
Bozkaya, 2006), Midi (Karamustafa-Gümüşhane) ZnPb (Au, Ag) deposit (Lermi and Tüysüz, 2006), Mastra
(Gümüşhane) Au-Ag deposit (Aslan and Akçay, 2011)).
The Paleozoic Gümüşhane granitoid, volcanics of the
Liassic Hamurkesen and Eocene Kabaköy Formation,
and intrusions of Paleocene-Eocene Kaçkar-I and -II
granitoids are the possible sources of magmatic sulfur in
the sulfide minerals. Although there is no information
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Table 4. Sulfur isotope composition of sulfide minerals in ore and calculated sulfur isotope temperature values
for mineral pairs.
Code of
samples

Mineral

δ34S values
(‰ V-CDT)

Pyrite

+1.4

Galena

–1.6

Pyrite

–2.2

Sphalerite

–5.4

Galena

–7.0

Sphalerite

–4.2

Galena

–7.8

D-52

Galena

–5.8

D-52/2

Galena

+2.6

D-62

Sphalerite

+5.4

Sphalerite

–1.2

Galena

–3.4

Pyrite

+2.4

D-1/3
D-6
D-9
D-10

D-75
D-107

about the source of the metal ions in these minerals, the
magmatic rocks that may be the source for sulfur might be
enriched in metals and therefore may also be a potential
source for the metal ions.
6.3. Mechanism of sulfide deposition and genetic model
On the basis of these new data, the following genetic model
is proposed (Figure 11). Magmatic water derived from
volcanic and plutonic rocks within the area acted as the
mineralizing fluid. The metals (Cu, Pb, Zn, Au, and Ag)
and sulfur within the fluid might be derived from the same
magmatic source or leached from the abovementioned
magmatic rocks. These fluids ascended preferably along
normal and thrust fault zones and precipitated as ore and
gangue minerals within the voids between the fragments
of intraformational breccia horizons or brecciated parts of
the limestone of the Berdiga Formation. Kaçkar granitoids
I and II may be the possible source of metals and sulfur in
the fluids.
Several features of the carbonate-hosted Hazinemağara
deposit are similar to those of Mississippi Valley-type
deposits. These include the features of the carbonate rocks,
style of deposition, the mineralization deposited within
epigenetic breccias, and the mineralogical composition of
the ores. The important characteristics of the Mississippi
Valley-type deposits have been discussed by many
authors (e.g., Leach and Sangster, 1993; Leach et al., 2005,
2010). The Hazinemağara deposit shows many similarities
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Δ values of mineral
pairs (‰ V-CDT)

Calculated temperature
of sulfur isotope
geothermometer (°C)

3.0

310

1.6

399

3.6

175

2.2

300

especially with the Beddiane Pb-Zn-Cu deposit located
in the Touissit-Bou Beker region of Morocco, where
the deposit sits in a graben structure and dolomitized
limestone host rocks overlie dacitic volcanics (Bouabdellah
et al., 1996, 2012). However, there are differences in the
fluid temperature, 160.0 and 386.0 °C, avg. 263.5 °C in
Hazinemağara and 100 ± 20 °C in Toussist; and in the salinity
and sources of mineralizing fluid, with low saline meteoric
water (1.73% to 9.21%, avg. 5.71 wt.% NaCl equivalent)
in Hazinemağara in contrast to high saline basinal fluid
(>20 wt.% NaCl equivalent) in Toussist. The sulfur isotope
values are not very different (–7.8‰VCDT and +5.4‰VCDT in
Hazinemağara and 1.9‰VCDT to 11.2‰VCDT in Toussist),
indicating leaching from the surrounding volcanic rocks.
Finally, the present study provides a strong indication for
a favorable geological setting: the intraformational breccia
horizons and intensively brecciated parts of the limestone
of the Berdiga Formation that hosts the mineralization.
The cross-cutting normal faults and overthrust zones acted
as conduits for the circulation of hydrothermal fluids.
These features delineate the location of potential terrain
for exploration of Hazinemağara-type Pb-Zn-Cu-Au-Ag
deposits.
7. Conclusion
The Hazinemağara (Gümüşhane) lead-zinc deposit is
located in the southern part of the Eastern Pontides orogenic
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Figure 11. Model of ore-forming processes in the Hazinemağara lead-zinc deposit.

belt in northeastern Turkey. It consists of irregularly shaped
breccia-filling ore bodies in intraformational sedimentary
breccia horizons or in intensively brecciated parts of
the limestone of the Berdiga Formation. The breccia fill
structure of mineralization indicates an epigenetic ore
formation process.
Microthermometric
investigations
of
fluid
inclusions indicate that hydrothermal fluids contain
high concentrations of NaCl, CaCl2, and MgCl2. The
salinity of the fluids is moderate and the homogenization
temperature values of fluids are indicative of deposition in
mesothermal and epithermal conditions.
The hydrogen and oxygen isotope characteristics of
water in the mineralizing fluid suggest a magmatic water
source with some modification by interaction of fluids with
the calcareous Berdiga Formation. The presence of CaCl2
and MgCl2 in fluid inclusions indicates a strong effect of
the host carbonates on the mineralizing fluid.
The sulfur isotope composition of sulfide minerals
indicates a magmatic reservoir for sulfur. Plutonic rocks
of the Gümüşhane granite, and Kaçkar-I and Kaçkar-II
granitoids and also volcanic rocks occurring widely in the
area may have acted as the source for sulfur.
Finally, the fluid inclusions and S-H-O-C isotope
data indicate that magmatic water derived from deepseated Eocene plutonic rocks (Kaçkar granitoids I and

II) carried the metals and sulfur derived from the source
magma or leached from the magmatic rocks (namely
the Gümüşhane granitoid, volcanosedimentary rocks
of the Liassic Hamurkesen Formation, and volcanic and
volcanosedimentary rocks of the Kabaköy Formation)
on pathways along the fault zones and precipitated
mainly within the voids between the limestone fragments
of intraformational breccia horizons in the Berdiga
Formation.
This model of ore formation suggests a strataboundtype occurrence with large lateral extent and improves
the possibility of discovering new large deposits within
the region because the Berdiga Formation is exposed
over large areas within the southern zone of the Eastern
Pontides region.
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